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tr«H r .^' s '" vention ""ates to a tire with a rubber 
tread re.nforced with silica and containing one or more 

addlLT 6S ? ned 10 9id iCe traction fo ' *• tread ££ 
addrt,ve , s selected from at least one of (i) at least on. 

thereof sele cted from cellulose fibers and wood fibers 
and („ small, hollow, spherical ceramic parthSS" 
silanol groups on the surface thereof ThL ? 9 
composed of at least one IZorXn^^Zur 
vulcamzabie elastomers having a Tg oJESS 30 or 
and conning si(ica as predlnampSSlein 
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tomer(s) of the tire tread. 

Rad<around_ . Scandinavian 

aretypicaHyus^toinhibrtoratleastreduceexcessrve 

ent operating temperatures have been used for fire treads .ntended for w,nter 

gSssss — — 
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one of said diene-based elastomer(s). , said addit ive(s) of 1/8 to 1/20 is 

Sdness vlin the recited range for enhance , ,ce » Wh lert is to b PP ^ ^ ^ desjred wh , cn 

' S ™»ia,s to me to» Tg e,a*™<s) ^^ffi « ^nSo" of •» • «« «- * ""^ 

ET T»i considered wain that an additional 'SSS^ *e processins and curino ot the rub- 

composrtions for use in tire treads. jon be1ween tne said f toers and/or motc 

40 EorfsTch additives in the tire tread rubber composition. ^ ^ flbrous a ddi- 

5ST«n Practice and in one aspect ofthe j.nventoa J^SSSSSS- ice* ch as for example, by the™ 
ives work by increasing the effective surface of the tire ^ ^ expose the sad incorporated add, 
of the tire tread on the road ^<^£^££2 toTsmoot^tread surface without such 

* frves resulting in an increased surface of the tire tre ff ' ^ may snow numerous fibers and/or spherical 

running the L on the road, a visua. <**^J^X!^^Z^ «P 0Md - * * «*™^J?: 
paLes. as the case may be. somewhat anchored in the "J^^^S run on a road , a portion of the partcles 
asYhe spherical particles may be abraded against a ^^^oLerwise broken, so that they do not remain m a 
may haTe their spherical shape become as spherical particles. Additionally 

50 iherica. shape during use. However, such P^JJ'J^i, on the road, the tire's exposed surface is 
Ten such fibers or ceramic particles are removed by »a , fnctor^ *JWt. fread mbber composltl on. It is 

^gnSicantiy rougher than that of a tire tread ^^K^SS^ with the ice than a smoothly Mjjjm 
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[0026] Representative elastomers for use in this invention include, for example and so long as they have a Tg of less 
1 1 are for example, high cis 1 ,4-polybutadiene containing at least 92 percent cis 1 ,4-structure. medium cis 1 4- 
polybutadiene having 35 to 45, usually about 42. percent cis 1 ,4-structure. medium vinyl polybutadiene having 40 to 70 
percent vinyl 1,2-content and a Tg in a range of -30»C to -60°C, cis 1.4-polyisoprene which may be natural rubber iso- 
5 prenetoutadiene copolymers, styrene/butadiene copolymers. styrene/isoprene copolymers and styrene/isoprene/buta- 
d.ene terpolyrners. It ,s recognized that one or more of such elastomers may also have variations which exhibit Tg's at 
or above -30 C, however, rt ,s an important aspect of this invention that only the variations of such elastomers which 
have Tgs lower than -30»C are selected. Thus, elastomers such as 3.4-polyisoprene. emulsion polymerization pre- 
pared styrene/butad.ene copolymer elastomers containing at least 40 percent units derived from styrene. and high £nyl 

W T ^ tainin9 tha " 70 PerCert 1 * Mn * 9™**- t0 the exte "t that such elastomers Tg's 

are above -30°C. are intended to be excluded from use in the tire treads for this invention 

EonT! 6 e 'f ? merS e f usively havin 9 T 9' s below - 30 °C are prescribed, it is contemplated, for the practice of this 
[u^rl r We,5 f ^ Snt ° f "~ elastomere - ***Q Elastomers listed above, might be included in the 

,s n^Sn '^° me Wh ' Ch mi9ht 3 T9 ° f ' 3 °° C 0r ab0Ve ' althou 9 h this is not Purred rubber com- 

is position for this invention. 

S T ^ e t ^" lJl0Se f ^ r f u for ^ P ur P<*es of Mention, are a chemically refined product and. thus, intended to 

and 2Tl£S stf "* d,Scussed ; i a l e a re,ative| y *"P™ cellulose f ber in a sense that they also contain lignm^ 
and other organ,c substances as .s well known to those skilled in such art. The cellulose fibers might be prepared by 

TndTh^T ^ 'V" eXamP ' e - 9rinding ° r hammef miMin9 "«* or wood chi P s to *•* a fbrous wSdldp 
~1 J? p ' C f? m,Ca y refinm9 thS WOOd PU ' PS 10 Pr0duce a PU| P is fibrous in n ature but with the lignin 
removed. Representative examples of cellulose fibers are sometimes referred to according to their source such as for 
example, as leafwood cellulose, soft wood and hard wood cellulose 

2S GEL to b\Te^ s d e C S° S g e ' ibSr d6SCriPti0nS 3b0Ve ^ SimP ' y in,end6d *° 56 illusfrafive and « «« 

S2°h B rI!!L C H IIUl0Se * k T h3Ve 3 PUritV ° f 90% l ° 100% - 11 is t0 be aPP^iated that the wood fibers are consid- 

0 hi nrnJni c k *■ Wmewhat pure version of ce ^ose fibers and in a sense that they contain lignins. as well as 
• other organic substances, in addition to the cellulose. 

[0031] Various cellulose fibers may be those such as. for example. Arbocel® of various grades from the Rettenmaier 

L ZLTC^ ° f ^ iS " for J nStanCe - Arb0C6l@ B4 °°- Vari0US wood ,ibers ™* * ' ««• such as Sample 
rooS ThlTir ? f .T Rettenmaier «»W exemplary of which is. for instance. Lignocei® HB1 20 

' f ub f ant ' a,, y s P herical - cerami = Articles are composed an aluminosilicate glass composition A 
representee example of such particles are ceramic microspheres which are sometimes called "cenospheres" Such 

» oTSarT^^^ 

E, h? 6 h0 "° W $PheriCal CS : amiC Partdes f0r USe in this invention - as hereinbefore discussed, may be character- 
2?™ k V 9 a " T, 396 Part ' Cle S ' Ze ° f 30 10 500 miCrons ' preferab| y 30 to 150 ' microns - wall thickness of the 
ESS P M 6r,Ca Part ' C 65 ,S VariaWe WhiCh may ISad t0 an apparent s P ecffic in a range of 0.7 to 1 1 

40 SSSL oMh mer ° US ^i? 9 a9emS teU9ht for USe in COup,ins silica and diene-based elastomers may be used in the 
mVen v " *l COUP " n9 thG SiliCa and the said addi,ives t0 tne diene-based elastomer(s) of the tire 

aS patent ^SSL hT*!? ^ ""^ S " ane ^ C ° UP ' ing ag6ntS r6Crted in the afore ^ " 
Sno 9 « f ' Ch COnta ' n 3 P o| y sulfide brid 9e such as. for example, bisarialkoxysilylalkyl) polysulfide 

having from 2 to 8. usually an average of 2 to 5. sulfur atoms in the sulfur bridge where such alkyl groups may be 
selected from, for example, methyl, ethyl and propyl radicals, with the alkoxy groups preferably b£n from 
Sth0Xy 9rOUpS " A re P rese "tative example might be bi S (triethoxvsilyl P ropyl) polysulf L 

1 ?n h-. C ° mm ° nly e^P'oyed siliceous pigments used in rubber compounding applications can be used as the sil- 
ica in this ,nvent,on. including pyrogenic and precipitated siliceous pigments (silica), although precipitate silicas are pJe- 

» tKL^Lf T* "T 6 "* 5 Pre,erably 6mpl0yed in tWs invention are P^ipitated silicas such as. for example 
;o those obtained by the acidification of a soluble silicate, e.g.. sodium silicate 

IS JiS? 6 k^ Pi9m !? (S !! iCa) may for 6Xample> have an urtimate P article size in 3 range of 50 to 10.000 ang- 

metei per gram ISS^^f 3 ^ * ' °° 10 2 °°' P6rhaps even up to W 

> SoS Vo?ume « p^SffSS meaSUm9 " ^ « ** AmeriCa " ChemiCal 

[0039] The silica might have an average ultimate particle size, for example, in a range of 0.01 to 0.05 micron as deter- 
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mined by the electron microscope althounh th* ,r 

Various co mm erda., y ta 2£S £ ^ •T^" ^ be ^ sma »" - 

somewhat upon th^ ^t e ^^ ° SW " by 0ne havin 9 skill in the rubbed, ^ 6 Se,ection type of car- 

•v coopr.se 0 5 to 10 oh ^ n US f ' pro P erties * the tire freS wT ** " re treads ' de P^ing 

* u*« oSSS?2f • am ° UntS 0f Sonants comprfee Itofl r * Rubber Han * 

j^con**^^^ 2and3g h 

Shore A hardness Surh f te 300 percent modulus as well a* mm J TL and 3 " Such Properties 

<«*» «^^^ss^^««r a%te ' i '**w 
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ending speed of the test depending on the track used to perform the test (e.g.: length of test lane and available braking 
space) and the test vehicle used. Ice braking values are determined by measuring the braking distance to bring the 
vehicle to a complete stop from a given starting speed, with the starting speed, as in the case of the acceleration values, 
being dependant upon the test track used to perform the test. For comparative acceleration and braking testing of dif- 

5 ferent tire rubber compositions, the test conditions were the same for experimental and control tires. 

[0051] The rubber compositions, or compounds, were prepared by mixing the ingredients in several sequential non- 
productive stages (without the sulfur and associated accelerator(s) curatives together with antidegradants) to tempera- 
tures of about 165°C followed by a final productive mixing stage to a temperature of about 105°C in which the curatives 
and antidegradants are added. An internal rubber mixer (Banbury type) was used. 

io [0052] The resulting rubber compounds were than extruded to form tread strips which, in turn, were built onto tire car- 
casses and the resulting assembly vulcanized in a suitable mold at a temperature of about 160°C to form a tire of size 
195/55R15. 

EXAMPLE I 

75 

[0053] Control rubber composition A is a silica reinforced rubber composition. It does not contain wood or cellulose 
fibers or ceramic spheres. The composition has Shore A hardness and dynamic stiffness (300 percent modulus) prop- 
erties considered herein to be normally desirable for winter tire tread compositions. 

[0054] Control rubber composition B is composed of relatively low Tg elastomers reinforced with silica, together with 
20 a silica coupler, with hardness and dynamic stiffness values lower than those of Control rubber composition A. Such 
means to improve ice performance of tires (tire treads) is considered herein to be well known to those having skill in 
such art. Composition B does not contain any wood or cellulose fibers or ceramic spheres. As is apparent from the data 
shown in Table 1 , the tire with tread of composition B provided a significant improvement of acceleration on ice of almost 
18 percent as compared to a tire with a tread of composition A. However, no significant improvement in ice braking was 
25 obtained with composition B. Thus, it is considered herein that such classical means of compounding to improve the tire 
performance on ice, as illustrated by the tread of composition B as compared to composition A, are only able to improve 
ice acceleration but not ice braking. 

[0055] Experimental compositions C and D represent modifications of composition B by containing 20 phr of wood or 
cellulose fibers in place of 20 phr of the silica. Compositions C and D also contained an additional 20 phr of rubber 
30 processing oil to maintain a Shore A hardness similar to composition B. It is apparent from the data in Table 1 that the 
tires with tread compositions which contained the fibers (compounds C and D) provided significant improvements in ice 
acceleration and braking as compared to a tire with a tread of composition B without the fibers. Therefore, it is con- 
cluded herein that the inclusion of the wood or cellulose fibers in place of a portion of the silica improved the ice braking 
performance of the tires. 

35 [0056] Composition E is a modification of composition B by containing 20 phr of hollow ceramic spheres in place of 
20 phr of the silica. It is evident that the utilization of the ceramic spheres improved the ice performance of composition 
E as compared to the Control B without the ceramic spheres. 

[0057] As is apparent from the ice performance test results of compounds C, D and E as compared to the Control B, 
partial replacement of the silica filler in the tread rubber composition by either the fibers or the hollow ceramic spheres 
40 improved the general ice performance of the tires containing these additives in the tread rubber composition, particu- 
larly improved the braking on natural ice. 
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TABLE 1 
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20 
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■ , _ - t „ Kr 0 f drv rubber and 8.8 pnr 

43.8 phr oil extended rubber correspond, to 35 phr of dry 

of oil 



1— — ~~*~ " ^ hr of dry rubber and 16.3 phr of 

81.3 phr extended rubber corresponds to 65 phr of dry ^ 

oil 
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IBR-l is an isoprene/butadiene copolymer rubber containing about 
50 percent units derived from isoprene and having a Tg of about 
-45°C obtained from The Goodyear Tire & Rubber Company. 

IBR-2 is an isoprene/butadiene copolymer rubber containing about 
30 percent units derived from isoprene and having a Tg of about 
-85°C obtained from The Goodyear Tire S Rubber Company. 

An oil extended medium vinyl polybutadiene rubber having a vinyl 
content of about 53 percent and a Tg of about -55'C obtained as 
BUDENE® 1255 from The Goodyear Tire S RubberCompany . 

Cis-l, 4 -polybutadiene rubber having a cis 1,4- content of about 
55 percent and a Tg of about -98''C obtained as BUDENE® 1254 from 
Tne Goodyear Tire s Rubber Company. The rubber contained 37.5 
p!ir of rubber processing oil. 

A silica obtained as Zeosil® 1165 MP from Rhone Poulenc. 

i-.gnoceKS. HB120, from the J. Rettenmaier & Sohne GMBH & 
Co company, is a natural wood fiber which is 
understood to contain some lignin and wood polyoses 
and understood to have a fiber length of 40 to 120 
microns and an average aspect ratio of about 10/1. 

Arbocel® B400, from the J. Rettenmaier & Sohne 
G.m.b.H. & Co company, is a highly pure cellulose 
nber reportedly having a purity of 95% to 99.5% and 
understood to have an average fiber length of about 
900 microns and an average aspect ratio of about 45/1. 

Hollow ceramic spheres as Tecfil T85LD from the Filtec 
Ltd company having an average diameter of about 65 
xicrons . 
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The coupling agent is a bis-3- (triethoxy S ilylp ropy i ) 
tetrasulfide(50% active) commercially available 
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X50S from Degussa A.G. as a 50/50 blend of the 
tetrasulfide with N330 carbon black (thus, considered 
50% active) - Technically, the tetrasulfide is 
believed to be an organosilane polysulfide as a 
composite, or mixture, having an average number of 
sulfur atoms in a polysulfide bridge in a range of 3.5 
to 4 connecting sulfur atoms, although the composite, 
or mixture, may contain individual organosilane 
polysulfides with 2 to 8 connecting sulfur atoms. 

Polyethylene glycol) as Berox® 4000 from the Caldic 
company having a softening point range (interval) of 
55°C to 61°C and a molecular weight of about 4000. 



EXAM PLE II 



[00581 The following Table 2 represents the Control composition F and an Experimental composition. ^The Control 
ST £e IZ f be* and cellulose libers were the same as those used in Example I as were the rubber compound- 

Sacement of the silica filler (Experimental composition G) as compared to a s.m.lar sH.ca enforced rubber com- 

EST ( uStbe^S that'a Serent combination of e.astomers and different concentrations of silica and I ffcers 
L^e used Sin ^Je XosLons of Example .. This supports an aspect of the invention that the addrtion of the ,ce 
peTormance enhancng materials is not limited to the elastomer blends and fiber and friler levels of Example I. 
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TABLE 2 



Compound Composi- 
tions 


F (Control) 


G (Exp) 


Natural rubber 


50 


50 


Oil extended cis-BR* 


62.5 


62.5 


Silica 


95 


75 


Wood fibers 


0 


6.5 


Cellulose fibers 


0 


10 


Coupling agent 


15.2 


15.2 


Antidegradants 


3.5 


3.5 


Waxes 


1.5 


1.5 


Rubber processing oil 


35.3 


48.3 


Sulfur 


1.4 


1.4 


Accelerators 


3.6 


3.5 


Fatty acids 


3 


3 


Zinc oxide 


2.5 


2.5 


Vulcanized Compound 
Properties 


F (Control) 


G (Exp) 


Modulus 300% 


5.6 


6.1 


Shore A hardness 


59.2 


58.2 


Tire Performance on 
Ice 


Tire Size 175/70R15 


Testing on Natural Ice 


F (Control) 


G (Exp) 


Acceleration 


100 


103.9 


Braking 


100 


106.4 



*62.5 phr oil extended cis 1 ,4-polybutadiene rubber 
correspond to 50 phr of dry rubber and 12.5 phr of < 



EXAMPLE 111 

SSp^ood fibers and cellulose fibers were those used in the previous Examp.es as were the compounding 

evidenced a significant improvement in performance. 
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TABLE 3 



Pnmnni tnrl fV>mDOSition 


H (Control) 


l(Exp) 


J (Exp) 


IRR-1 ^n/^n 

IDn I OU'wU 


32 


32 


32 


IDn & Ovl t\J 


33 


33 


33 


Oil ovionHpH f:i^ BR 


43.8 


43.8 


43.8 




0 


6 


0 




0 


0 


6 


Silica 


85 


85 


85 


ooupung ay tii u 


13.6 


15 


15 


r bo 


1 


1 


1 


AntirlianraHantc 


2.5 


2.5 


2.5 


Waxes 


2.5 


2.5 


2.5 


Di tKKar rM*r\/*OQ^inci Oil 


41.3 


41.3 


41.3 


C, tl-fi ir 

ouiTur 


1.4 


1.4 


1.4 


acc 6i e r aioib 


4.1 


4.1 


4.1 


ix v * a/* trie 

ratty actus 


3 


3 


3 


Z.lnC OXIQc 


2.5 


2.5 


2.5 


Pnmnni inri PrODSrtieS 


H 


I 


J 


Modulus 300% 


6.4 


6.6 


6.9 


Shore hardness 


56.8 


61.3 


62.5 


Dynamic stiffness at -20°C 


9.5 


11.4 


10.6 


Tire Performance on Ice 




Tire Size 195/65R15 




Artificial ice acceleration 


100 


117.8 


125.5 


Artificial ice braking 


100 


97.8 


107.6 



phr oil extended rubber corresponds to 35 phr ol dry rubber and 8.8 phr of 
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of said diene-based elastomer(s). 

The tire of claim 1 characterized in that said silica has a BET surface area in a range of 80 to 360 square meters 
^r gL and a DBP adsorption value in a range of 1 50 to 350 cubic centimeters per 100 grams. 

The tire of any of the preceding claims characterized in that, for said tread, said cellulose fibers have an average 
aspect rSo S, a range of 5/1 to 200/1 . an average length in a range of 50 to 5000 m>crons. 
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4. The tire of claim 1 characterized in that, for said tread, said wood additive is fibers which contain lignin, have an 
average aspect ratio in a range of 2/1 to 50/1 and have an average length in a range of 20 to 2500 microns. 

5. The tire of claim 1 characterized in that, for said tread, said additive is spherical hollow ceramic particles have an 
average diameter in a range of 30 to 500 microns and are of an aluminosilicate composition. 

6. The tire of any of the preceding claims 1 -2 characterized in that, for said tread, said cellulose fibers have an aver- 
age aspect ratio in a range of 5/1 to 200/1 , an average length in a range of 50 to 5000 microns; said wood fibers 
contain lignin, have an average aspect ratio in a range of 2/1 to 50/1 and have an average length in a range of 20 
to 2500 microns; and said spherical hollow ceramic particles have an average diameter in a range of 30 to 500 
microns and are of an aluminosilicate composition. 

7. The pneumatic tire of claim 6 characterized in that said cellulose fibers are of 90% to 1 00% purity of weight. 

8. The tire of any of the preceding claims 1-2 characterized in that, for said tread, said cellulose fibers have an aver- 
age aspect ratio in a range of 10/1 to 100/1, an average length in a range of 100 to 2000 microns; said wood fibers 
contain lignin, have an average aspect ratio in a range of 3/1 to 20/1 and have an average length in a range of 50 
to 1500 microns; and said spherical hollow ceramic particles have an average diameter in a range of 30 to 150 
microns and are of an aluminosilicate composition. 

9. The tire of any of the preceding claims characterized in that, for said tread, said diene-based elastomer with Tg 
below -30°C is at least one elastomer, so long as it has a Tg below -30°C, selected from high cis 1,4-polybutadiene 
containing at least 92 percent cis 1 ,4-structure, medium cis 1 ,4-polybutadiene having 35 to 45, percent cis 1 ,4- 
structure, medium vinyl polybutadiene having 40 to 70 percent vinyl 1.2-content, cis 1 ,4-polyisoprene, iso- 
prene/butadiene copolymers, styrene/butadiene copolymers, styrene/isoprene copolymers and styrene/iso- 
prene/butadiene terpolymers. 

10. The tire o1 any of the preceding claims characterized in that the said coupling agent is a bis-(trialkoxysilylalkyl) 
polysulf ide having from 2 to 8 connecting sulfur atoms in its sulfur bridge and where the weight ratio of coupling 
agent to silica plus said additive(s) is in a range of 1/8 to 1/20. 

11. The tire ol any of the preceding claims characterized in that said coupling agent is a bis-3-(triethoxysilylpropyl) 
polysulfide having an average of 2 to 5 connecting sulfur atoms in its sulfur bridge. 
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